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Outline

> single top overview

t-channel tW-channel s-channel

» single top measurements at 8 TeV
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BDT Discriminant

t-channel tW-channel s-channel
» summary

— single top cross section
— V4, measurements




Ove rVi ew: P rOd u C'ti on approximate NNLO using MSTW2008

NNLO PDF & myp = 173 GeV

t-channel
o o(7TV) = 65972 (scale)t] v 7(PDF) pb
o ;B TeV) — 879728 (5cale) 20 (PDF) pb
— dominant single top production process at LHC
® first differential & property measurements have already been
performed (not this talk)

tW-channel
o 5(TTV) =156+ 0.4(scale) + 1.1(PDF) pb

* ;B TV) — 9994 0.6(scale) + 1.4(PDF) pb
® first observation at LHC (inaccessible at Tevatron)

® interferes with ¢t -production at NLO:
unified description possible as W W bb final state with
1 or 2 resonant tops

s-channel
o o(7TeV) — 456 +0.07(scale) ) 15(PDF) pb

* ;8 TeV) — 555+ 0.08(scale) + 0.21(PDF) pb
= challenging at LHC

® sensitive to new physics, e.g. non-SM mediators (1/”,...)

cross sections: N. Kidonakis, Phys.Part.Nucl.45:714,2014
WWhbb production: F. Cascioli et. al., arXiv:1312.0546 [hep-ph]
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8 TeV: t-channel cross section &4 erss ois 5o
» event selection at ATLAS (CMS)

® single & isolated muon pr > 25(26) GeV, || < 2.5(2.1)
or electron pr > 25(30) GeV, |n| < 2.47(2.5)

® jets: pr > 30(40) GeV, |n| < 4.5(4.5)

® b-tagging: MVA (3rd track significance)

® signal region: 2 jets & 1 b-tagged, 1 lepton, F'r

» analysis strategies

® data-driven QCD multijet background estimation

® top quark reconstruction

® signal extraction: binned likelihood fit
® ATLAS: neutral network (NN) = fiducial cross section & extrapolated total cross section
® CMS:n of spectator jet (non b-tagged) = cross section & ¢/t ratio

® extraction of |Vip|




Validation

» ATLAS
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» CMS
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«10° CMS, /s =8 TeV, L = 19.7 fb", muon, 3 jet2 b-tag

— ol L1

ATLAS-CONF-2014-007
CMS: JHEPOG6 (2014) 090

® QCD multijet shape:
electron: “lepton-jet” method
muon: inverted selections

® QCD vyield: fp - fit

® QCD rejection: /' > 30 GeV,
mr (W) > 50 GeV

® QCD multijet shape:
loosened lepton isolation
® QCD yield: F'p/mr(W)-fit
® QCD rejection:
electron: fp > 45 GeV
muon: m1 (W) > 50 GeV



t-C h anne | . ReS u It ATLAS-CONF-2014-007

» ATLAS: t-channel fiducial & total cross section at 8 TeV

4 N . )
neutral network output systematic sources
x10°
10 400; ATLAS Preiminary =L dt = 20.3 b =8 TeV ] . . Source Acoia/osia [%]
P [ SR ¢ data . input variables —
< 300k B i-channel A Data statistics +1.5
§2] i I 7, Wt s-channel ]
£ - vaﬂ_éfsc annel |771J |7 Miops Mib, MC statistics +1.1
o 200F (5 Z+jets, diboson ] Multijet normalisation iy e T
: :\_A;:t,gztn@n_ime,; mo (W) , Mip, nW 3 Other background normalization +0.8
100 . : JES 7 intercalibrati +7.9
: ] COS 9t°p(l,j), HT, 7 in ?l(,dl ra 1?n
i JES physics modelling +3.0
. i \ 11,74 Lepton uncertainties +2.9
3 o02F 3 ;
FEN o - e - ET’ AR(t,1), pr EM* modelling +3.0
g 0 02 04 06 08 1 top b-tagging efficiency 595
L NN output "lkop> "lb> P ) Jet energy resolution +1.7
- ~ t-channel generator +7.9
measurement W+jets generator +1.4
© ATLAS peimnay [ Ldt=2031" (s=BTeV | PDF £1.1
ATLAS result ’ ot Total Systematic +14
[stat. ® sys. [ ]stat. : Total 4
Predicted fiducial cross-section: 0 ( < 0.5% systematics not ShOWI’]) =
[aMC@NLO(2—3)+Herwig [— - J
Powheg(2—3)+Pythiaé I+E N
Powheg(2—3)+Pythia8 I—i—j fiducial
Powheg(2—52)+Pythia6 it Ot-channel — 337 + 005(813&’6) + 047(Syst)
[AcerMC+Pythiaé u=172.5 GeV F———tr——m .
AcerMC+Pythia6 =60 GeV ——— :I:OO9(lum1) pb
PR T T T TR TN T TR T T T N TR T TN T S T T -1 I R
1.5 2 25 3 3.5 4
o [pb] Ot-channel = 82.6 £ 1.2(stat.) £+ 12.0(syst.) pb
— future t-channel measurements
i =82.6+12.1 pb [¢?M =87.2+3.6 pb
may give input to generators —ch.
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t‘ChannE|: Result (2) CMS: JHEPO06 (2014) 090

» CMS: t-channel cross section & ¢/t ratio at 8 TeV

( L] L] \ / \
n of specator jet in SR systematic sources
. ><1q3‘?f“‘3‘3 E= 8 Tev, r—=1?7 f"fﬁ’f‘}{‘f'} ?ij’.t.1"F?9. Uncertainty source Crcn. (%) Rich. (%)
S ¢ Data . Statistical uncertainty + 2.7 + 5.1
g g P _JES,JER, MET, and pileup | £4.3 + 1.1
TR [ W/Z+jets, dibosons - | b-tagging and mis-tag | + 25 + 0.2
- ey Lepton reconstruction/trig. + 0.6 +0.3
38 . QCD multijet estimation +23 +1.9
- E Wjets, tt estimation + 2.2 + 3.0
= ] Other backgrounds ratio + 0.3 + 0.6
1 - | Signal modeling \ + 5.7 | *£61 |
. | PDF uncertainty + 1.9 +62 |
05 1 15 2 25 3 385 4 45 5 Simulation sample size + 0.7 +1.2
L Il Luminosit + 2.6 —
y
e - 2 Total systematic + 8.9 + 9.6
ratio measurement Total uncertainty + 9.3 + 10.9
VS, :@? TeV.L=197T0 Measured cross section 83.6 = 7.8pb | 1.95+ 0.21
CMS - J
1.95 £ 0.10 (stat.) £ 0.19 (syst.) - N
ABM 11 measurement
cTio Ot-channel = 83.6 + 2.3(stat.) + 7.4(syst.) pb
CT10w
SM
HERAPDF =83.6 7.8 pb [O-t—ch. = 87.2+ 3.6 pb]
MSTW2008
ooras o(t)/o(t) = 1.95+ 0.10(stat.) + 0.19(syst.)
W v m — 1.95 +0.21 {Rts/l\f = 1.84 &+ 0.11}
g RN

J




Limits on CKM element Vi, CMS: JHEPOS (2014) 090

» calculation [gggh — 87.2+ 3.6 pb}
— assume B(t — bW) ~ 100% |

— “strength” of top production vertex o(pp — t,j) < Vi,

o
= |Vib - fL| = m;’ijured (f1, = left-handed “form factor’; fSM = 1)

theory
without assumptions on number of quark generation & no unitarity constraint

> result
ATLAS+CMS Preliminary TOPLHCWG July 2014
Data 2012, y\s =8 TeV
...... NLO (MCFM), m[OID =172.5 GeV,
ccale uncertainty Z total ncertainy (
scale @ PDF (lexs uncertainty G channel T(S1aL) i(syyst) +(lumi) ATLAS
ATLAS,L =203 1" |‘/tb‘ — 0971—883 (eXp') :|: 006(th60)
P T 826+1.2+11.8+23pb
ATLAS-CONF-14-007 —— p
V| > 0.78 @95%CL
CMS
CMS, L= 19.7 fb" bt 83.6+23+7.1+2.2pb
oz Vip| = 0.98 £ 0.05(exp.) £ 0.02(theo.)
7+8 TeV t-channel combination
| | | | | | | |
WO e Vip| = 0.998 4 0.038(exp.) & 0.016(theo.)
Vip| > 0.92 @95%CL




8 TeV: tW-channel observation i ie”
> event selection at ATLAS (CMS)
[

® “diagram removal’ scheme to define process at NLO
(alternative “diagram subtraction” scheme evaluated as systematic)
® iso. muons: pt > 25(20) GeV, |n| < 2.5(2.4)
® iso. electrons: pr > 25(20) GeV, |n| < 2.47(2.5)
® jets: pr > 30(30) GeV, |n| < 2.5(2.4) & MVAs for b-tagging
* signal region: 2 oppositely charge leptons, 1 b-tagged jet, '

> analysis strategies

e small cross section vs. ¢t background, QCD multijet contribution negligible

2] S B B b [a = = -1
22000 Areas Py T 3 CMS, Vs = 8TeV, L=12.2 fb
@ 20000= __ - y v = 14000~ R
18000 5= 8TV, [Let=203% — E - % =
16000 eu >1-jet >1-tag [J Diboson — 12000 Bl 7/ ~+ets
14000 = Z E g(fkf) Tjetts = - &Other [l )
E axke lepton 3 ~ % i H
120005 28 Uncoriamy 10000 ez Unceraity dedicated MVA
8000 = S 8000} . utilized in
6000 El /
4000 — L1 6000 both analyses
20007 =
0= 4000
O 1.3p 1 T |
= F Sk, L .
3 q ;;s% % 2 ‘( 2000
8 B it as A
07" * ; - 0 : : :
0 1 2 3 4 5 6 1j1t 2j1t 2j2t

Number of Jets'® Region




MVA outputs SR e

> ATLAS: most discriminating variable
SUOO= riaspaminey  wope T | 81900 arias rrimnay 3 ——
;1200;—\“§=8Tev, Ldt=20.3 fo' =:/in —; 21288;: s=8TeV, [Ldt=20.3 " :; ® 2 BDTs trained:
1000 ou bkt Oloiboson 3| 5 7 g o et 1Hag = 19 (20) input variables
w 800/ / @@Fake lepton 7 §1000; E . .
soof . ZAuncertanty 3| 71900 - for 1 (2) jet exclusive
400F- = = —  category with 1 b-tag
200 E 2 = ® some input variables:
21.3 _ o 13- | . Z 7 , A 7:7.], A i)j,
= T 0y, = 777 Pr» 5Pt
W ki ’7’7%/ A | a 1%, AR 00 7 aas  m", thrust, centrality, ...
04 -0.2 0 BDT R 0.4 0% 20" 20 60 80 100 120 140
esponse p;*(lep1, lep2, EI'*, jet1) [GeV]
> CMS
CMS, Vs =8 TeV, L=12.2 fo', 1j1t pMs \E 8TeV L= 122fb1 1jit 7
[ = Data | 4000F ., B éDﬁta | ® 13 input variables:
C - H e t i .
600E — AN 35001 . | #loose jets, #loose central
£ B Other i o M2y +jets | . .
S00F |zgUncenainy | | 3000k momer | jets, #loose b-tagged jets,
"2 4001 “2 2500 Uncertainty | ) sys
STk S 1 centrality, pr, ...
> C = 2000 -
Ly 300 T ]
C 1500 =
200— 3
C 1000 =
1005— E 500 7
¥4 03 -02 -01 0 01 02 03 %0 1 2 3 4 5 6 7 & 9
BDT discriminant Number of loose jets, p_ > 20 GeV




ATLAS-CONF-2013-100
CMS: PRL 112 (2014)
comb.: CMS PAS TOP-14-009

tW-channel: Fit & Result

S 1a00F L T T CMS, fs =8 TeV, L=12.2 fb", 1j1t CMS, s = 8TeVL122fb , 2j1t
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1 |1 600

200F

400}

o 7 £ L
s %W/ 7 % 100 200[
3 F 7% A L | r i
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BDT Response BDT discriminant BDT discriminant
155000 . — : ] CMS, Vs = 8 TeV, L 12.2 fo, 2j2t
S ATLAS Preliminary 2]1t - Data ] 900? T ‘ """ e Data i
<4000 s = 8TeV, |Ldt = 20.3 b =:’tVt — 800F ijt E;t"’ i — ]
o O 700- mz e | 2 tt-control regions
1w Eiti:g?;?; E 6002 ZZ) Uncertainty H ” . .t t . t
’ 3 2, E allow INn-Situ constrain
7 € 500F
] @ F
] > 400F . . .
. LLI C -
: " of b-tagging efficiency

200F
s T A A 100" .
T ; 450 % L %: ’ e T
052 02 0 BDT Respons%e - BD'I(')};iiscriorﬁinanot'3 |: EJ\C]{;GO ) = 222 :l: ].5 pb

ATLAS

major systematic uncertainties:
tW, tt modeling, flavor tagging, b-jet scale

orw = 27.2 + 2.8(stat.) + 5.4(syst.) pb
Vip| = 1.10£0.12  |Vip| > 0.72 @95%CL

ATLAS+CMS
Ovw

oow = 23.4 4 5.4 pb
1.03 £0.13

—925.0+£4.7pb |Vip| > 0.79 5

e
major systematic uncertainties:
ME/PS matching, Q?, 113 scale, top mass

|Vin| > 0.78 @95%CL |




8 TeV: s-channel search CMS PAS TOP-15.005
» event selection at ATLAS (CMS)

® single & isolated muon p1 > 30(26) GeV, |n| < 2.5(2.1)
or electron pr > 30(30) GeV, |n| < 2.47(2.5)

* jets: pr > 30(40) GeV, |n| < 2.5(2.5) & b-tagging

® signal region: 2 jets & both b-tagged, 1 lepton, f;

CMS Preliminary, 19.3 fb ', Muons, Vs = 8 TeV
EE L L L L A P

(= " edata
. . E 600:_ [s-channel
» analysis strategies 5 E B!
— CMS -
* data-driven QCD estimation using mr(W)/Er D o e i e
* 2 BDTs (€ & ) for signal + 2 BDTs for W+jets/tt 200 F | Qoco
* signal estimation using simultaneous maximum 100 £ .. DRatesyst
likelihood fit in 2j2t (SR) & 3j2t (¢t CR) e TRRRT e
&  amas
— ATLAS == R s
* data-driven QCD estimation with matrix method g =
5 2000 - i

* special selection & reconstruction: :
e.g. besttop = [+ v + j; closest to172.5 GeV, 1000l

PPt P > 50 GeV
* likelihood fit to single BDT

V777 Uncertainty

R R

50 100 150 200 250
mi¥ [GeV]




s-channel: BDTs & Result e PAs TP 0s

(theo.)
O = 5.55 £ 0.22 pb
> ATLAS { s-channel
— 2500 LI S A A L R B I
?‘B oz o S e * major systematic uncertainties:
€ 2000 ¥s=8TeV,203 0" M S_ingle top t-channel,W¢ _ J y .
& = 3 jet energy scale, ET scale, simulation statistics, ...
1500 [ Z+jets, diboson ]
Bl Multijet

¥#77 Uncertainty

* result

Os-channel = 9.0 22 4.3 pb

L observed (expected) limit: 1.30(1.40)
§ g 1 4,,,.,I,,.,,,p,,,n,,,',l,z,//“//,&ﬂmlx’”/m;/«//&/;ﬂxxxy;/y/w% — 0} S- Ch annel < 1 4 . 6 pb @ 9 5 % C L
n_ ]

1 08 06 04 02 0 02 04 06 08 1
BDT response

> CMS
CMS Preliminary, 19.3 o', Muons, Vs = 8 TeV
Lo [ L] L] L]
= data * major systematic uncertainties:
~ 1000 [Js-channel 2 2 . .
£ Bt-channel Q°, uz scale, jet energy scale, ME/PS matching, ...
D 800 Otw

Egﬂets e result

BEW-+jets Os-channel — 6.2 £ 8.0 pb

BDiboson

Jaco observed (expected) limit: 0.70(0.90)
[[]Syst. unc.

SRate syst. Og-channel < 11.5 pb @95%CL

0.7 06 -05 -04 -0. 0.2

600

400

200




Summary: Osingle-top
7+8 TeV

T | T | | T | T | T | | | | T |
~ ATLAS +CMS Preliminary TOPLHCWG * QFIID_'QAOS(QBE:BE%QQS(I)G,ATLAS—CONF-2014»007 ] 13 Tev

CMS t-channel ] l |

—_
o
o

| Single top-quark production Jan 2015 " SRS SAs, anepos(aote)oso

ATLAS Wt production |
PLB716(2012) 142, ATLAS-CONF-2013-100 — r
1

CMS Wt production

PRL110(2013) 022003, PRL112(2014) 231802 — |
LHC combination, Wt production ;
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 — | "

= t-channel ATLAS s-channel, 95%C.L. —
ATLAS-CONF-2011-118, arXiv:1410.0647
CMS s-channel, 95%C.L. ]

CMS-PAS-TOP-13-009

4 <4 % e o

= NNLO arXiv:1404.7116 —
M= 173.2GeV, MSTW2008nnlo

scale uncertainty

(o2]
o
!

=== NLO+NNLL PRD83(2011)091503,

g PRD 82 (2010) 054018, PRD 81(2010) 054028 —
m,,,= 172.5GeV, MSTW2008nnlo

Wt production: tt contribution removed ]
scale ® PDF @ o uncertainty,

—— NLO arXiv:1007.3492, 1406.4403 -
v M= 172.5GeV, i = u = m,,,
ul CT10nlo, MSTW2008nio, NNPDF2.3nlo (PDF4LHC) ]

Wt production: p: veto for tt removal=60GeV

Total inclusive cross-section [pb]
(0]
o
|

I
o
|

20 N and p =65 GeV
| -®.--.8—-----2- Wtprod. v I scate uncertainty

T - v scale ® PDF @ o uncertainty 4

- s-channel All exp. results are w.rt. m_=172.5GeV ‘ S

0 | I 1 | 1 1 l 1 1 1 1 I 1 | 1

* got a good view at single top production at 7+8 TeV
* analyses performed targeting all channels:

— precise t-channel measurements

— first observation of tW-production

— search for s-channel




Summary: Vi, measurements
7+8 TeV

¢ CMS t-ch. 7 TeV |
JHEP 12 (2012) 035 | e
| CMS t-ch. 8 TeV o .
JHEP 06 (2014) 090 : —
CMS t-ch. 7+8 TeV |
JHEP 06 (2014) 090 : I '

ATLAS t-ch. 7 TeV 1 |
PRD 90, 112006 (2014) | :
ATLAS t-ch. 8 TeV L
ATLAS-CONF-2014-007 '

CMS tW-ch. 7 TeV |
PRL 110 (2013) 022003 :
ATLAS tW-ch. 7 TeV I
PLB 716 (2012) 142-159 :

| CMS tW-ch. 8 TeV . 5 |
é PRL 112 (2014) 231802 ! ! i

ATLAS tW-ch. 8 TeV | | .
ATLAS-CONF-2013-100 | ! !
ATLAS+CMS tW-ch. 8 TeV | | i
ATLAS-CONF-2014-052 ! '

CMS ff R 8 TeV 3
PLB 736 (2014) 33 1 e

| |
L | L L 1 1 | L L 1 1 | It L L L | L L L L

N T
0.6 0.7 0.8 0.9 1 1.1

* got a good view at V;}, as well through
single top production via t- & tW-channels
* most precise determination of Vi
through R = B(t — Wb)/B(t — Wq)
measurement in ¢ (assumes 3 generations & unitarity)
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ATLAS: 8 TeV t-channel T

> NN input variables

Variable Definition

l77( ) pseudorapidity of the light quark (untagged) jet ()

m(£vb) top-quark mass reconstructed from the charged lepton, neutrino and b-quark jet
m( jb) invariant mass of the tagged (b) and light quark jet ()

mr(W) transverse mass of the reconstructed W boson

m({h) invariant mass of the lepton (£) and the tagged jet (b)

n(lv) pseudorapidity of the reconstructed W-boson

cos O(L, j)evpes.  cosine of the angle 6 between the charged lepton and the

light quark (untagged) jet (j) in the rest frame of the reconstructed top quark
Hr(l, jets, E%“"”"} scalar sum of the transverse momenta of the jets,

the charged lepton and the missing transverse momentum

E?i‘“ transverse missing momentum
AR({vb, £) AR of the reconstructed top quark and the charged lepton
pr(lfv) transverse momentum of the reconstructed W-boson
n(fvb) pseudorapidity of the reconstructed top quark
n(b) pseudorapidity of the b-quark jet (b)
pr(lvb) transverse momentum of the reconstructed top quark

> setup:

— NeuroBayes (three-layer feed-forward with Bayesian regularization in training)
— additional bias node
— 50:50 background to signal events




ATLAS: 8 TeV t-channel T

> the three most discriminating variables

c T T T T T T c Q2F T T T T
o - ATLAS Preliminary Vs=8TeV - .0 - ATLAS Preliminary {s=8TeV i
% ?_:Slmulatlon - SR — ¢t-channel % : Simulation - SR — tchannel
= 0.1 W +jets n = 0.165F —
—— - 4+ = W +iet
qc_) - - tT,Wt,s-channel QCJ. i e
> i > i ]
L | L o1l  |aL {T,Wt,s-channel _
0.05 i
0.05F ]
0 ob o e e
0 0 100 200 300 400 500
m(ivb) [GeV]
c R L L
RS L ATLAS Preliminary Vs =8 TeV J
% 5 Slmula_t_lon - SR — t-channel
= S W et i
= 01_ A +jets _
b -
> === tt,Wt,s-channel
L

0.05- |

b 200 400 600

m(jb) [GeV]




ATLAS: 8 TeV t-channel T

> fiducial region definition

Object Cut
Electrons pr > 25GeV and || < 2.5
Muons pr > 25GeV and || < 2.5
Jets pr > 30 GeV and || < 4.5
pr > 35GeV,if 2.75 < |n| < 3.5
Lepton (£), Jets (J;) AR(L, j;) > 0.4
EL® ET'* > 30 GeV
Transverse W-boson mass mt(W) > 50 GeV

Lepton (£), jet with the highest pr (j;) pr (€) > 40 GeV (1 - M)

m—1




ATLAS: tW-channel MVAs ATEASEON R

1 jets events 2 jet events

Variable Description Variable Description
p?s variables pr of the vectorial sum of physics objects p?s variables pt of the vectorial sum of physics objects
P2 (lepl .lepQ,Efr'““,jetl) p‘gs of leptons, ETT"i“ and jet] p%s (jetl,jet2) pzs of both jets
pfrs (lepl.lep2.jetl) p‘T'S of leptons and jet! t”f[‘yS (lepl.lep2) . P;s of both Ieptom_;
pr-related variables pf[.: (lep Llep2. 7" jetl) ‘D;s of leptons, E7"* and jetl
Apt ((lepl,lepl).(E.}“i“,jetl)) Difference in pr between the system of leptons and that of E%‘i“ and jet p;}S (lep LLET"™ jet2) Pt *of lepl, ET™ and jet2
Apt (leplLET™) Difference in pr between lepl and ET™ pr-related variables .
> Er . Visible event transverse energy Apt ((lepl ,lep2).(E%“55,jetl)) Difference in pr between the system of leptons and the system of ET™* and jetl
Hr (lepl.lep2, E7™ jetl) Scalar sum of the py of all objects Apr (jet] [EX=5) Difference in pr between jetl and £
Angular correlatigns Angular corrglations .
Ag ((lepl.lep2).jetl) A¢ between the vector sum of leptons and jet] Adg((lepl .lep2},(E1PiSS Jjetl)) Ag between the vector sum of leptons and the vector sum of E%““ and jetl
AR ((lepl.lep2).jetl) AR between the vector sum of leptons and jetl Adprax (lepjetl) Larger A¢ between any lepton and jetl
Ag (lepl jetl) A¢ between lepl and jet] AR ((lepl.jet2) AR between the lepl and jet2
A (E,‘l‘.‘i“,jet 1) A¢ between E%‘i“ and jetl Centrality (lep2.jetl,jet2) (pr(lep2) + pr(ietl) + pr(iet2))/ (p(lep2) + p(etl) + p(jet2))
Centraliry (lepl,lep2) (prlepl) + pr(lep2))/(p(lepl) + p(lep2)) 1 (lepl.jet2) Pseudo-rapidity of the vector sum of lepl and jet2
T hrust Thrust of all leptons and jets m variables
n (lepl.lep2) Pseudo-rapidity of the vector sum of leptons m (lepl,jet2) m of lepl and jet2
m or m variables Mass or transverse mass of the vectorial sum of objects m (lepl.jetl) m of lepl and jetl
mr (lep2, ETSS) mr of lep2 and ERss m (lep2.jetl) m of lep2 and jetl
m (lepl.lep2.jetl) m of leptons and jetl m (lep2.jet2) m of lep2 and jet2
m (lepl.jetl) m of lepl and jetl Object kinematics
Object kinematics E.‘ll““ Missing transverse momentum
S Missing transverse momentum Er (jetl) jetl transverse energy
Et (jetl) jetl transverse energy E (lepl) lepl energy

n (lep2) lep2 pseudo-rapidity E (jet2) jet2 energy




C I\/I S : tW M VA CMS: PRL 112 (2014)

1 jet (1 b-tagged)

Variable Name

Description

# of loose jets

# of central loose jets

# of b-tagged loose jets
5VS

Pt
Hrt

pr(jet)

pr(loose jet)
pr /Hr

Miys

Centrality (j(/)
Hr(leptons)/Hry
pr(jtl)

E%’LISS

Number of loose jets, pr > 20GeV, || < 4.9
Number of loose jets, pr > 20GeV, |17| < 2.4
Number of loose jets, pr > 20 GeV, q,-tagged,
Vector sum of pr of leptons, jet, and EFs
Scalar sum of pr of leptons, jet, and EF"**

pr of the leading, tight, b-tagged jet

pr of leading loose jet, defined as 0 for events with no loose jet present
Ratio of pSTYS to Hr for the event

Invariant mass of the combination of the leptons, jet, and ET"*

Centrality of jet and leptons, defined as ratio of transverse to total energy
Ratio of scalar sum of pt of the leptons to the Hr of full system

Vector sum of pr of jet and leptons

Missing transverse energy in the event

nl <24




tW: systematics S

ATLAS CMS

Source Ao /o [%] Systematic uncertainty Ao (pb) Ac/o
observed expected ME/PS matching thresholds 3.3 14%
Data statistics 11 8.6 Renormalization/factorization scale 2.9 12%
MC statistics 2.8 3.5 Top-quark mass 29 99/,
Experimental uncertainties Fit statistical 19 8%
Lepton modeling 2.4 2.4 Jet energy scale 0.9 4%,
Jet identification 0.2 0.6 Luminosity 0.7 3%
Jet energy scale 10 12 Z+jets data/simulation scale factor 0.6 3%
b-jet energy scale 5.0 6.3 tW DR/DS scheme 0.5 2%
Jet energy resolution 0.7 0.2 tt cross section 04 2%,
ET™ scale 4.1 5.0 Lepton identification 0.4 2%
ET™ resolution 4.5 o 5t PDF 0.4 2%
Flavor tagging 8.4 9.4 Jet energy resolution 0.2 1%
Theory uncertainties b-tagging data/simulation scale factor 0.2 <1%
Wi/t overlap modeling 1.4 1.6 {f spin correlations 01 <1%
PDF 2.5 3. Pileup 0.1 <1%
Background normalization 3.6 4.4 Top-quark pr reweighting 0.1 < 1%
ISR/FSR 5.9 6.0 EXiss modeling 01 <1%
Wt generator and PS H 11 Lepton energy scale 0.1 <1%
1t generator and PS £ B Total 55 249,
Luminosity 3t 3
Total (syst) 20 23

Total (syst+stat) 21 24




CMS PAS TOP-13-009

CMS: s-channel MVAs

> electron

| Variable | Description |

mt tranverse W boson mass

Ady,, 1 | difference in azimuthal angle between top quark and recoiled b-tagged jet

Er missing transverse energy

Mgy invariant mass of the lepton and the second-to-leading b-tagged jet

cos 0" cosine of the angle between the lepton and the b-tagged jet recoiling against
the top quark, in the top-quark rest frame

ptP vector sum of pr of the two b-tagged jets

ARy (%) | angular separation between the two b-tagged jets

ps transverse momentum of the lepton

mpp-best | invariant mass of lepton, neutrino and one of the b-tagged jets reconstructed
with the best-mass top method, as described in Sec.2

ARy angular separation between the b-tagged jet recoiling against the top quark
and the lepton

Ht scalar sum of pr of all jets

» muon
| Variable | Description

paP vector sum of pr of the two b-tagged jets

Myp-best | invariant mass of lepton, neutrino and one of the b-tagged jets reconstructed
with the best-mass top method, as described in Sec.2

My tranverse W boson mass

Mz invariant mass of the lepton and the second-to-leading b-tagged jet

Er missing transverse energy

Ady,, | difference in azimuthal angle between top quark and the recoiled b-tagged
jet

cos 0, ]cosine of the angle between the lepton and the beam axis in top-quark rest
frame

ARy, angular separation between the two b-tagged jets

Hr scalar sum of pr of all jets

s transverse momentum of the lepton




ATLAS: S-Ch ann el SySte m at—i CS ATLAS: PLB 740 (2015)

Source Ac /o [%]
Data statistics +35
Simulation statistics +29
ET= gcale +54
EF"° resolution +0/-3
Jet energy scale +39
Jet energy resolution +5

Jet tagging efficiencies +4

Jet reconstruction efficiency <1
Lepton energy scale/resolution < 1
Lepton efficiencies +2/-1
Signal modelling and scale M

tt modelling +6

W+ jets shape modelling +8
ISR/FSR w g
PDF <1
Background normalization +7
Multijet normalization +12
Integrated luminosity +5
Total systematic +80

Total +87




CMS: R measurement in tt PL B 736 (2014) 33

> definition: R = B(t — Wb)/B(t — Wq)
assuming 3 quark generations & CKM unitarity: R = |th|2

» event selection

b, q * 2 oppositely charged leptons (¢//;)
pr > 20 GeV, |n| < 2.4
[ * at least 2 jets pr > 30 GeV, |n| < 2.4

Fr > 40 GeV  (only ee/pup channels)

1 ) :
* main background (Z/v* — [l ) estimated from data
[
1
4 . )
b, q step 1: cross section measurement
? CMS, Vs =8TeV, [Ldt=19.7 fb! (EMS, Vs=8TeV, [Ldt=19.7 b
> 3 steps to measure R i g o
40000/— [« = tf.
- . E ‘ 30000 [ single top quark
* How many ¢t events are in data? ok %jﬁﬁ'ﬁ“”“‘“ﬂ* - Do
:> O(t{?) E —— /| w 200002 ==|=.= B w
200001 oLy [ W, multiets, other f 15000; Il . muttijets, other tt
* How many events have also g b
jets from top decay present? 11| | =000 & ——
—> gives handle on B(t N Wq) ‘ _ ’ 1 ’ > Jetmulplicity _ ’ 1 ’ P Jetmultiplicity
. I_%1.2 g2
* How many of those jets are 2 M ‘..
o~ | | | | | o - | | | | |
b-tagged ? : 1 ’ ’ JAet multi;ISicity ’ 1 ’ ’ J4et multi;Iﬁicity
— gives handle on B(t — Wb) | o(tt) = 238 £ 1(stat) & 15(syst) pb —




CMS: R measurement in tt L5 736 (2014) 33

~
step 2: jets from top decay measurement
S NS emTew jLdtmieT binned-likelihood fit in 3 - 3 - 4 = 36 categories
& e * 2etevents CMS, {5 =8 TeV, L dt = 19.7 fb"
g 800— ® Data % 12000 — se events : o events : 2jets ex events
2 | Dcorrect pairs }j 10000 :_ # Data | 1
8 D misassigned pairs — % gt . : :
- - ingle top quarl | I
2, o0 3 | 8000 5z 1 (data) : :
§ L B 400F ! ! ; 6000 — Vv | | 3jets
= T kinematic endpoint: - B, motiets oer | |
- 400 *z:‘ 300 4000 :_?]ets : l. |
g% \/ m% T m%/V ~ 153 GeV zoooﬂ 3jets ﬁ By e
100 : i I 4 jets t! 4 jets
200 04 { _0123I401234D|234D123I4012340123401Eb3I4D1d2340|1I2‘I34
0 200 400 600 800 7000 -tagged jet multiplicit
I Lepton-jet invariant mass [GeV] a 99 : P Y
% 200 400 600 800 . 1000 4 1 e +“‘it +++.}. IR S St + +\\=¥
Lepton-jet invariant mass [GeV] © 0'El_\|||||\||||\|||||\|||||\||||\|||||\||\||\|||
\ ) 012340123401234012340123401234—01234&12I340‘!.2I3I4
Ve ~N b-tagged jet multiplicity
step 3: b-tagged jets from top decay S, 58T | Latotor i
3| T y| T T LI T 11 T 1T L LI T 1 1 B N
c (73N‘IS,‘W‘s=‘8"l'e‘V,‘;I|_d‘l=‘1‘9.7‘fb"" | ] C;) a ;—-2)‘30000—‘ — E //ﬂ; epn channel dominates
o £ [ ]=0b-ags 3 _? S5l 3 25000F f /; b t th h
k3] 0.9; [ ]=1b-ag = US|ng MVA Tk 20000 = combpinaton roug
(4] r . ; 150001 . F i
£ osf Wl-2vuee E O s /" | lower stat. uncertainty
Y= ] - 3 b-tags E b_tag g er 2 10000F : =
G>J 0.7 Il - 4 btags - e 5000F- E ]
W o é (etf ~ 84%) I \ e I : / ;
F - 150 \: btagged jet multiplicity /- ]
0.5 = B \ = combined : i .
o 3 T\ - final result
TF ] " % ]
0.3 = C %, ] |%b| - 1007 1+ 0.016
E 3 050 -
02 = B ]
= E L ] |%b| > 0.975 @95%CL
E J 0 5o4 09 0%8 1 402 104 106 108
E I L IR I N =
50z 04 06 08 1 iz R=B(t— Wb)/B(t— Wq)

R=B(t—>Wb)/B(t»>Waq)




R measurement

> purity

Parameter Jet multiplicity

Dilepton channel

PL B 736 (2014) 33

ee U eu
2 0.674+0.07 0.65+0.08  0.85+0.06

fe = e(tt) 3 079+0.06  0.7840.07  0.90£0.07
4 0.814+0.11 0824011  0.94+0.10
2 0.062 £0.004 0.063 +0.004 0.062 4 0.003

ke = €(tW) 3 0.040 £0.003 0.040 +0.003 0.041 + 0.002
4 0.036 £0.004 0.036 & 0.006 0.029 4 0.003

> selection efficiency of jets from top decay

Dilepton channel # jets dafa Me data/MC
2 0.28+0.05 0.277 £0.001 1.03 £0.19

ee 3 0.224+0.07 0.223+0.001 0.99+£0.29

4 0.19+0.07 0.175£0.001 1.09 £ 0.43

2 0.28 £0.06  0.276 = 0.001 1.00 = 0.21

Hu 3 0.24 £0.06 0.227 £0.001 1.05 £ 0.25

4 0.20+0.07 0.181 £0.001 1.08 = 0.37

2 0.36 +0.06 0.3577 +£0.0007 1.01£0.16

ep 3 0.26 +£0.05 0.2625+0.0007 1.00+£0.18

4 0.21 £0.06 0.2047 £0.0008 1.00£0.27




R measurement: uncertainties PL B 736 (2014) 33

Source Uncertainty (%)
Experimental uncertainties:

Ep 24
£q 0.4
fa 0.1
DY 0.2
misidentified lepton 0.1
JER 0.5
JES 0.5
unclustered E%‘if'ﬁ 0.5
integrated luminosity 0.2
pileup 0.5
simulation statistics 0.5
f correct 0,5
model calibration 0.2
selection efficiency 0.1
Theoretical uncertainties:

top-quark mass 0.9
top-quark pr 0.5
ME-PS 0.5
UR/ HF 0.5
signal generator 0.5
underlying event 0.1
colour reconnection 0.1
hadronisation 0.5
PDF 0.1
t — Wq flavour 0.4
|Via|/ |Vis| <0.01
relative single-top-quark fraction (tW) 0.1
VV (theoretical cross section) 0.1
extra sources of heavy flavour 0.4

Total systematic 3.2
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